Abstract The efficacy of rituximab for kidney disease, such as frequent relapsing nephrotic syndrome, has been reported recently. Herein, we report a case of a patient with acute kidney injury that was steroid-resistant nephrotic syndrome who responded to a single administration of lowdose rituximab. An 86-year-old Japanese woman with hypertension presented with severe peripheral edema within several days after onset. Due to the patient's age, renal biopsy was not performed, nephrotic syndrome was diagnosed and prednisolone was administered at 40 mg/day on the day after admission. However, anuria developed and hemodialysis was inevitably initiated on the 5th hospital day. The renal function did not recover, and the general condition gradually became aggravated. On the 50th hospital day, 100 mg rituximab was administered, which led to immediate depletion of CD20-positive cells. The urine volume gradually increased from 2-3 weeks after the rituximab administration, and the renal function recovered slightly. After 5 weeks, it became possible to wean the patient from dialysis, which had been applied for 3 months. Rituximab might be an option for the treatment of acute kidney injury due to steroid-resistant nephrotic syndrome.
Introduction
Rituximab is a therapeutic drug that was recently developed for non-Hodgkin's B cell lymphoma, and its efficacy against other autoimmune diseases, such as rheumatoid arthritis and vasculitis, has been confirmed. Thus, this drug is now used as a new treatment for these diseases. With respect to the efficacy against glomerular disease, rituximab has been reported to be effective for pediatric frequently relapsing and steroid-dependent nephrotic syndromes [1] .
We encountered an adult patient with steroid-resistant nephrotic syndrome who underwent 3 months of hemodialysis for acute kidney injury (AKI). Single administration of low-dose rituximab improved the renal function in this patient and led to weaning from hemodialysis.
Case report
An 86-year-old woman developed severe bilateral peripheral edema within several days in mid-May 2012, and she was admitted to our hospital in late May. She had been treated at an outpatient clinic for hypertension since she was 77 years old and a thoracic aortic aneurysm was discovered at 79 years of age.
Upon admission, the height was 141 cm; body weight, 44 kg (40 kg prior to the development of edema); body temperature, 35.5°C; blood pressure, 131/61 mmHg; and pulse, 48/min. Upon physical examination, no cardiac murmur was heard, the lung sound was clear, the abdomen was flat and soft, and no skin eruption or neurological abnormality was noted. Marked edema was noted in the bilateral legs, and no superficial lymph nodes were palpated.
In laboratory tests upon admission, the serum total protein level was 5.2 g/dL; serum albumin, 2.0 g/dL; total cholesterol, 334 mg/dL; and serum creatinine, 2.45 mg/dL (0.5 mg/dL 3 months ago), indicating renal dysfunction (Ccr 15.6 mL/min). Anti-nuclear antibody was negative, and there was no sign of hypocomplementemia. M-protein and free light chain were not detected. No hematuria was observed, and urinary protein was 10.0 g/day (Table 1) . Based on these findings, the patient was diagnosed with nephrotic syndrome. The urinary selectivity index was 0.18, showing high selectivity, and Bence Jones protein was negative. Both urine sodium and chloride levels were below 20 mEq/L, and the fractional excretion of urea was 12.2 %. Urine N-acetyl-b-D-glucosaminidase (NAG) and a1 microglobulin (MG) levels were increased to 85.2 U/L and 32.9 mg/L, respectively (Table 1 ). On abdominal CT and ultrasonography, no atrophy was noted in either kidney. These findings suggested that the renal dysfunction was due to AKI, rather than chronic kidney disease.
Since the patient was elderly, renal biopsy was considered a high risk and was not performed. However, we generally assumed her case to be minimal change nephrotic syndrome (MCNS), because the disease development was acute, no hematuria was observed, and urinary protein was highly selective. For treatment of the nephrotic syndrome, prednisolone was administered at 40 mg/day on the day after admission. A diuretic was administered for the edema, but no diuresis was achieved, and the edema gradually became exacerbated. The renal dysfunction progressed and nearly reached anuria, for which hemodialysis was initiated on the 5th hospital day, and was repeated 3 times per week. However, the anuria persisted and D-dimer increased to 11.9 lg/mL. Since renal arterial embolism derived from the mural thrombus in the thoracic aortic aneurysm and renal venous thrombosis were also considered as potential causes of the anuria, contrast thoracoabdominal pelvic CT was performed on the 23rd hospital day. The thoracic aortic aneurysm was mostly thrombosed. No thrombus was detected in the renal artery or vein, and the cortical blood flow was retained, ruling out the influence of a thrombus as the cause of anuria (Fig. 1) .
While steroid administration with prednisolone was continued at 40 mg/day for 4 weeks, including pulse therapy (500 mg of methylprednisolone for 3 days), the anuria persisted. Based on this, the disease was diagnosed as steroid-resistant nephrotic syndrome, and prednisolone treatment was tapered from the 33rd hospital day and discontinued at the 64th hospital day in consideration of the potential for adverse effects. Meanwhile, the complications of small cerebellar infarction and duodenal ulcer had developed. Total parenteral nutrition was initiated on the 20th hospital day, because oral ingestion, including the administration of oral medication, became virtually impossible. We were unable to select an oral anticoagulation therapy for prevention of thrombosis, and we were only able to administer intravenous drugs for her nephrotic syndrome. One and half months had passed since the initial admission, but the anuria still persisted. The serum albumin level remained at about 1.5 g/dL, malnutrition was severe, and the patient gradually became weak and bedridden. Despite the administration of albumin during dialysis, maintenance of the blood pressure became difficult, and continuation of the dialysis became difficult. On the 50th hospital day, a single infusion of 100 mg rituximab was administered with 20 mg prednisolone, after obtaining written informed consent from the family, because use of this agent for nephrotic syndrome is offlabel in our country. This protocol and the consent documents were approved by the ethics committee of Kanto Rosai Hospital. CD20-positive cells were depleted rapidly thereafter. The urine volume started to increase gradually from 2-3 weeks after administration, and reached a sufficient volume at 5 weeks after administration. Withdrawal of dialysis, which had been ongoing for about 3 months, then became possible. The food intake increased, and the patient was able to actively participate in rehabilitation. She was discharged in a wheelchair to home on the 133rd hospital day. Five months after rituximab administration, the urinary protein decreased to 0.3 g/day, and serum albumin improved to 2.9 g/dL (Fig. 2) . Furthermore, she maintained a partial remission (urinary protein 0.3-0.6 g/ gCr) 32 months after rituximab administration, although her B cell number was fully restored.
Discussion
The nephrotic syndrome in this patient was likely due to MCNS based on the course. However, the possibility of focal segmental glomerulosclerosis or membranous nephropathy remains, because we did not perform a renal biopsy to diagnose this precisely. Nephrotic syndrome is classified into steroid-sensitive nephrotic syndrome, which responds favorably to steroids, and steroid-resistant nephrotic syndrome, for which 4-week administration of steroid at a normally sufficient dose is ineffective. Therefore, the disease was diagnosed as steroid-resistant nephrotic syndrome in this case.
Some cases of nephrotic syndrome, in particular MCNS, progress to AKI, and may advance to renal dysfunction requiring renal replacement therapy in adults, compared to the more benign course with pediatric cases [2] [3] [4] [5] . Higher risks have been reported in men with lower serum albumin and proteinuria, the elderly, and in hypertensive patients [5] . The cause of AKI in nephrotic syndrome remains unclear, but influences include decreases in glomerular permeability [6, 7] , ischemia-associated tubular injury [3] [4] [5] 8] , diuretic administration [9, 10] , and renal venous thrombosis [11] . In this patient, the presence of an underlying prerenal factor was considered as a potential cause Fig. 1 Abdominal CT: no thrombus was detected in the renal artery or vein, the contrast effect on the cortex was retained, and no atrophy of the kidney was observed. Severe subdermal edema was evident around the trunk Fig. 2 Clinical course: since the disease was steroid-resistant and anuria persisted, hemodialysis was continued. CD20-positive cells were rapidly depleted by rituximab administration. The urine volume increased and the renal function recovered, which led to weaning from dialysis. mPSL methylprednisolone, PSL prednisolone, HD hemodialysis based on the urinary Na and Cl levels and the fractional excretion of urea. In addition, increases in urine NAG and a1MG levels suggested the presence of interstitial injury.
We administered a single low dose of rituximab to this patient with steroid-resistant nephrotic syndrome, who developed AKI and had been treated with dialysis for about 3 months, and achieved weaning from dialysis. In this case, we considered using another immunosuppressant such as mizoribine, cyclosporine and cyclophosphamide before administration of rituximab. However, we were able to administer only intravenous drugs to her, because this patient had developed an active duodenal ulcer as a complication, along with worsened general condition. Intravenous administration of cyclosporine and cyclophosphamide is used off-label for nephrotic syndrome in our country. In addition, with cyclophosphamide it is difficult to determine an appropriate dose in conditions with renal dysfunction. Therefore, we attempted rituximab administration to avoid the need for a dose adjustment due to these conditions.
It seems that steroids were effective in reducing urinary protein before administration of rituximab as shown in Fig. 2 . However, we recognized that it did not reflect an accurate amount of urinary protein, because the urine volume was only 10-50 mL/day during that period. On the other hand, the urine volume gradually increased from 2-3 weeks after rituximab administration, while steroids were tapering. Therefore, we are convinced that the most effective agent of this steroid-resistant nephrotic syndrome was rituximab.
Rituximab is an antibody against the differentiation antigen CD20, which is expressed on the surface of B cells. It is a chimeric antibody comprised of the variable region of mouse anti-human CD20 monoclonal antibody IgG1 and the constant region of human IgG1j. Efficacy in the treatment of adult MCNS was initially reported in 2007 [12] , and the efficacy for frequently relapsing and steroidresistant MCNS has since been reported in Japan and other countries. However, the dose and administration methods were inconsistent in these reports. In many studies, the dose (375 mg/m 2 ) and dosing frequency (once a week, 1-4 cycles) established for the treatment of non-Hodgkin's lymphoma have been adopted [13] [14] [15] . Single administration of rituximab to dialysis patients at doses of 50, 150, and 375 mg/m 2 has been reported to result in no differences in the level of B cell depletion or persistence [16] . In our patient, rituximab was administered as a single low dose, and showed efficacy in decreasing CD20-positive cells similar to that achieved at high doses in the previous reports.
Since disease has been reported to recur several months after remission in response to rituximab in many patients in previous reports, additional administration may be necessary for our patient; however, the appropriate timing of such additional administration remains unclear. Indeed, in some reports disease recurred when the number of CD20-positive cells increased, whereas no recurrence occurred and remission was maintained even after the number of CD20-positive cells increased in others [17] .
At present, there is no established evidence to support rituximab administration in the treatment of steroid-resistant nephrotic syndrome, including safety and administration profiles. However, it may become a new option for patients with protracted AKI and elderly patients, such as this patient.
Conclusion
In a patient with steroid-resistant nephrotic syndrome in whom AKI developed and inevitably required 3 months of dialysis, weaning from dialysis was achieved following a single administration of low-dose rituximab. For patients who manifest steroid-resistant nephrotic syndrome, rituximab may be a treatment option.
